A main steam line break (MSLB) test at the ATLAS facility was simulated using the best-estimate thermal-hydraulic system code, MARS-KS. This has been performed as an activity at the third domestic standard problem for code benchmark (DSP-03) that has been organized by Korea Atomic Energy Research Institute (KAERI). The results of the MSLB experiment and the MARS input data prepared for the previous DSP-02 using the ATLAS facility were provided to participants. The preliminary MSLB simulation using the base input data, however, showed unphysical results in the primary-to-secondary heat transfer. To resolve the problems, some improvements were implemented in the MARS input modelling. These include the use of fine meshes for the bottom region of the steam generator secondary side and proper thermal-hydraulics calculation options. Other input model improvements in the heat loss and the flow restrictor models were also made and the results were investigated in detail. From the results of simulations, the limitations and further improvement areas of the MARS code were identified.
Introduction
For a realistic analysis of thermal-hydraulic transients in light water reactors, KAERI has developed the best-estimate system code, MARS [1, 2] . The code has been verified and, thereafter, extensively validated using a wide range of two-phase flow experiments at various facilities, which include a number of both separate effect test and integral effect tests. As a result, the code could have been utilized as a tool for safety analysis and design of nuclear power plants [3 -5] . The code has been also adopted as an audit calculation tool in the regulatory body. However, there are still many deficiencies in the system codes including the MARS code, especially in the one-dimensional two-phase flow models, such as complicated two-phase flow regimes, interfacial heat/ mass/ momentum transfer, wall heat transfer, and two-phase critical flows. These require continuous improvement of the codes [6, 7] .
The DSP exercises using the ATLAS (Advanced Thermal-Hydraulic Test Loop for Accident Simulation) database, led by KAERI, were promoted in order to contribute to improving safety analysis methodology for pressurized water reactors and to transfer the database to domestic nuclear industries [8, 9] . For the first ATLAS DSP exercise (DSP-01), the integral effect test data for a 100% direct vessel injection (DVI) line break accident of the APR1400 was selected [8] . The DSP-03 using the ATLAS MSLB test, was launched on October 9, 2012, after the DSP-02 using the ATLAS small-break loss-of-coolant accident (LOCA) test with a 6-inch break at the cold leg [9] . 
Description of the ATLAS Facility
The ATLAS experimental facility [10] was designed according to the well-known scaling method suggested by Ishii and Kataoka [11] to simulate various test scenarios as realistically as possible. It is a half-height and 1/288 volume scaled test facility with respect to the APR1400 (Advanced Power Reactor 1400 MWe). The main motive for adopting the reduced-height design is to allow for an integrated annular downcomer, where multi-dimensional flow phenomena can be important in some accident conditions with a DVI operation. According to the scaling law, the reduced height scaling has time reducing results in the model. For the half-height scaled facility, the time for the scaled model is    times faster than the prototypical time [12] .
A schematic diagram of the ATLAS is shown in Fig. 1 [12] . It includes a reactor pressure vessel (RPV), two steam generators, four reactor coolant pumps, a pressurizer, and four safety injection tanks. The ATLAS uses water as the working fluid and is scaled for prototypic pressure and temperature conditions. This selection achieves a fluid property similarity between the APR1400 and the ATLAS in a very simple manner. In order to allow for a simulation of high-pressure scenarios, the loop is designed to operate up to 18.7 MPa.
In the ATLAS test facility, a total of 1, 236 instrumentations are installed for the measurement of local thermal-hydraulic conditions, such as temperature, static pressure, differential pressure, water level, flow rate, mass, power, etc. The Table 1 .
Input Model Modification for the MSLB Simulation
The MARS input data prepared for the simulation of a SBLOCA at the ATLAS was used heat transfer as shown in Fig. 3 (a) . After the MSLB, the coolant of SG-1 is finally depleted and, however, auxiliary feedwater (AFW) is continuously fed into the secondary side of the steam generators.
Thereafter, the heat transfer at the lower part of the steam generator tube bundle is unrealistically calculated as depicted in Fig. 3 (a) .
Various attempts to solve this problem, i.e., unphysical oscillations in the heat transfer, were 
for enlargement ranging, where is the ratio of diameters of the small to large pipes and is presented in Fig. 6 . Using equations above, the calculated values for K are 1.407 and 2.104, respectively.
Environmental heat losses were also taken into consideration for a better prediction of the MSLB experiment. In this study, the heat losses from the 
Results of Simulations and Discussions
Using the modified input model, the steady state was obtained by simulating a null transient of 1,800
seconds. The results are listed in Table 2 and these were used as initial conditions of the transient calculations. In order to achieve the steady-state conditions which are consistent with the experimental data, the steady state controllers were utilized. By these controllers, the core exit temperature and the SG wide-range level were adjusted by manipulating the SG feed water flow rate and reactor coolant pump speed, respectively.
In addition, the boundary conditions such as the core power, pressurizer pressure, turbine pressure, were set to the measured initial values. Therefore, almost all parameters has 1% difference between the calculation results and measured values, except the cold leg flow rate, feedwater flow rate, SG heat removal, and heat loss. events is compared with the experimental data in Table 3 . As shown in Table 3 As presented in Fig. 10 , the coolant of the SG-1 was depleted at around 560 s in the experiment. On the other hand, the MARS predicted the depletion at around 610 s. After the MSLB, the MARS code predicted that the transition from low-quality to high-quality discharge through the break occurs early compared to the experiment as shown in Fig.   11 . Therefore, the break flow was under-predicted after early transient, and the depletion was delayed in the MARS results. The reasons of the delayed depletion are not clear.
As shown in Fig. 11 , the calculated break flow shows considerable differences until the depletion of SG-1. The break flow including many droplets and steam was discharged from SG-1 in the earlier transient, and its composition rapidly converted into only steam. In contrast, in the experiment, the break flow including droplets seems to be continuously discharged until the depletion of SG-1. This difference may result from inaccurate prediction of separator performance. As a result, the quality in the SG dome was inaccurately predicted, which affected on the break flow calculation.
The predicted core inlet and outlet temperatures agree well with the measured data until the SG-1 coolant depletion, as shown in Fig. 12 . However, the temperatures show significant deviations with the measured data after the SG-1 coolant depletion.
The differences are due to the inaccurate prediction of break flow until the depletion.
As presented in However, this measurement may significantly include the uncertainty because only one temperature sensor was used to measure the temperature in water storage tank [16] . Therefore, the integrated break flow shows this difference as shown in Fig. 13 .
Sensitivity Calculations
To improve the MARS results, the input model was carefully reviewed and, then, several sensitivity calculations have been conducted. The two findings are summarized as follows.
6-1. Break Flow
The break flow model usually has a great effect on the system transient. However, it was shown that the non-equilibrium factor for the break model did not have a significant effect on the break flow [17] .
Therefore, we conducted sensitivity calculations using the default value of 0.14. For the discharge coefficient, we additionally calculated for two cases of 0.8 and 1.2. However, the break flow and core temperature were not significantly improved despite these attempts, as presented in Figs. 14 and 15.
This implies that the upstream flow condition is more important than the break flow model itself.
6-2. Separator Performance
The -The system pressures were significantly related to environment heat loss. In this analysis, the tendency of SG-2 pressure was well predicted.
However, the primary pressure shows significant difference because the heat loss from the pressurizer dome was not properly considered. The pressure deviation, in turn, affected the system behavior.
Despite the limitations, it can be said that the MARS code can predict the transient behavior of major parameters during the MSLB accident reasonably well.
